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Agglomeration economies are among the most important factors to increase firm productivity. However, there is little evidence supportive of this in Africa. By applying the conditional and nested logit models, this paper examines the relationship between firm locations and infrastructure accessibility in Rwanda. It is found that agglomeration economies matter to even one of the smallest countries in Africa. It is also found that infrastructure availability has an important role in affecting the firm location decision. Electricity access and transport connectivity to the domestic and international markets are found to be important to attract new investment. In addition, the quality of local labor supplied, measured by educational attainment, is found as an important determinant of firm location, while the effect of labor costs remains inconclusive.
I. INTRODUCTION
The new economic geography literature suggests that agglomeration economies are one of the important factors to increase firm productivity (Krugman, 1991; Fujita et al. 1999) . To improve competitiveness of the economy, firms need to be located close to one another in certain places, which are often major urban areas or industrial zones. Given the proximity, firms can expect to receive benefit from sharing the common labor and intermediate input markets and minimizing trade and transaction costs.
Many empirical studies are supportive of this proposition. For instance, Mare and Graham (2013) show that the average agglomeration elasticity in New Zealand is significant and estimated at 0.06. Agglomeration economies among French firms in Europe are also found to be significant. The agglomeration patterns are determined by not only the physical distance but also the cultural similarity between the headquarters and the foreign subsidiaries (Procher, 2011) . Lee et al. (2012) find that there are positive externalities to Korean manufacturers in the United States. While consumer goods manufacturers are spatially less concentrated, the assembly industry follows U.S. upstream firms to take advantage of agglomeration economies.
In the literature, nonetheless, there is little evidence to show agglomeration economies in Africa. Many developing countries in other regions, such as China and Vietnam, have been succeeding in promoting firm agglomeration in manufacturing and accelerating industrialization, but there are only a few cases in Africa (e.g., Yusuf et al. 2008; Otsuka and Sonobe, 2011) . It is well known that despite its potential, Africa has been lagging behind in the global manufacturing market since the 1960s. Weak agglomeration economies may be a possible reason for this stagnation. Among others, low labor productivity is one issue, and infrastructure connectivity-in both physical and institutional terms-and land access may also be difficult constraints (Dinh et al. 2012 ).
The current paper aims at examining the firm location decision in the case of Rwanda, which is a landlocked country in East Africa. Infrastructure access is certainly one important factor that influences firm locations. The analysis particularly focuses on transport connectivity, which the literature often finds to be crucial for firm investment. In Hungary, road availability is considered as a significant determinant of firm investment (Boudier-Bensebaa, 2005) . Foreign direct investment tends to be concentrated on countries with good transport infrastructure (Cieślik and Ryan, 2004; Milner et al., 2006) . Access to good port facilities is also essential for private investors (Belderbos and Carree, 2002; Deichmann et al., 2005) .
The remaining sections are organized as follows: Section II provides an overview of recent economic and infrastructure developments in Rwanda. Section III discusses our empirical models and data. Section IV presents main estimation results and discusses some policy issues. Then Section V concludes.
II. RECENT INFRASTRUCTURE AND INDUSTRIAL DEVELOPMENTS IN RWANDA
Rwanda has been experiencing strong and steady economic growth in recent years ( Figure 1 ).
Agricultural production has been boosted by the drastic commercialization of the sector with fertilizer use increased form 18 percent to 38 percent (IMF 2012) .
1 Traditional crop exports, such as coffee and tea, were particularly strong given high international commodity prices (Figure 2 ). Given the government's aggressive capital spending, the industrial sector seems to have been picking up. This particularly contributed to the construction sector (ditto).
However, further industrialization and economic diversification may still be needed to achieve sustainable economic development over the long run. The Government of Rwanda has identified special economic zones (SEZ) as an effective tool for promoting private investment. The Kigali Free Zone (KFZ) and the Kigali Industrial Park were established aimed at creating a central distribution point to serve not only the domestic but also regional markets in Burundi, Uganda and western Tanzania (Rwanda MOTI 2009 In Rwanda, the primary city concentration seems to be increasing in recent years. Infrastructure is normally an important determinant of firm location choices. Rwanda has a relatively well developed road network comprised of 1,060 km of paved and 3,500 km of unpaved roads (Figure 7 ). By regional standard, road density is relatively high at 18.7 km per 100 km 2 of land. Especially around Kigali, road density is high at over 100 km per 100 km 2 .
Still, rural accessibility is limited and estimated at 35 percent. In addition, the quality of secondary and tertiary roads remains poor (Figure 8 ). Therefore, transport connectivity within the country, measured by the transport cost to a large city (with more than 50,000 populations), is still an important development agenda ( Figure 9 ).
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One of the most significant constraints on the country is access to the international market.
Rwanda is located more than 1,400 km away from the nearest seaport, Dar es Salaam (or Mombasa), and therefore, the trade and transport costs must be of necessity significant for the economy. It is estimated that it costs about $190 per ton to convey goods from Kigali to the port (Figure 10 ). Within the country, it ranges from $177 to $207, depending on the location.
Until recently, electricity used to be identified as one of the most crucial constraints on business ( Figure 11 ). The situation seems to have been improved at least in urban areas, thanks to the government's significant efforts toward increasing the electricity generation capacity, which currently amounts to 96 MW. 6 About half relies on hydropower, and another half use fossil fuels. Nonetheless, the vast majority of the electricity demand is still unmet.
Most of people still depend on biomass for primary energy. While electricity accounts for only about 4 percent, biomass contributes to about 85 percent. Approximately 13 percent of households are connected to the grid ( Figure 12 ).
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All of these infrastructure factors are potentially affecting the firm location choice. The question is which factor is the most important to foster firm clustering and take advantage of economies of agglomeration. In the following analysis, the conditional logit approach is used with various variables generated from available spatial data in the country. 
III. METHODOLOGY AND DATA
To examine the infrastructure impacts on firm location, the conventional conditional logit model (e.g., McFadden, 1974) is used, in which the probability of firm i choosing a particular location, such as district j, can be written by:
Note that our data include not only alternative specific variables but also case-specific attributes. X are a set of location-specific characteristics, such as local market size and infrastructure accessibility. A firm is supposed to choose its location comparing these attributes among districts { } J , , 1  . On the other hand, Z includes firm-specific characteristics, such as firm size. The conditional logit model can estimate the equation by interacting the firm characteristics with location-specific dummy variables (e.g., Greene, 1997; Procher, 2011). 8 One of the major disadvantages of this conditional logit approach is the property of independence of irrelevant alternatives (IIA). It requires that the preferences between any two choices are independent of the third option. This may or may not hold in our context. Particularly in our case, there may exist significant differences between choosing Kigali Province (comprising three districts) and locating at the rest of the country. If this is the case, the substitutability within Kigali is different from that across the provinces.
To partially mitigate this problem, the nested logit model is considered, in which all
and the IIA assumption is relaxed at least across the nests G's (e.g., Maddala, 1983; McFadden, 1984) . In Rwanda, there are 30 districts, which are divided into five regions: Kigali, North, South, West, and East. These regions are also used for interacting firm-specific attributes and generating Z in the above conditional logit model. As usual, the joint probability of household i's choosing crop j in nest Gk is written by (i) the conditional probability of choosing crop j given that an alternative in nest Gk is chosen, and (ii) the marginal probability of choosing an alternative in nest Gk:
where the dissimilarity parameter to adjust the scaling effect across subgroups is defined by
. ρ is correlation within nest k. The inclusive value is defined by
Another potential empirical issue is reverse causality, which has also been argued in the literature (e.g., Mare and Graham, 2013) . While firm locations are determined by business conditions surrounding each locality, the business environment is also determined by the firms' locational decisions. For instance, governments may invest more in public infrastructure where firms are concentrated. Therefore, the two factors may be interdependent on one another.
To minimize this endogeneity problem, the time lag approach is used (e.g., Ciccone and Hall, 1996) , even though we cannot take long lags because of data availability. This is expected to mitigate the endogeneity risk to a certain extent. While our analysis focuses on Rwanda firms that were established in the last five years (2009) (2010) (2011) (2012) (2013) , most of the explanatory variables come from the surveys conducted in 2005 or earlier.
Our data on firms come from the 2011 Establishment Census of Rwanda with additional data collected for 2012 and 2013. In the last five years (2009) (2010) (2011) (2012) (2013) , 642 firms were newly registered in Rwanda. Note that we only focus on industrial and commercial entities and ignores other types of establishments, such as education entities and public facilities. The following analysis uses data on 568 new firms, because some observations are excluded from the analysis due to missing relevant data, such as firm location. In the sample, the service sector accounts for about half of total firms ( Figure 13 ). This is followed by agribusiness and other manufacturing. By region, the vast majority of firms are based on Kigali Province (also see Figure 5 ).
For location-specific characteristics X, the following variables are used. The summary statistics are shown in Table 1 . First, the number of firms that existed in 2005, denoted by NUM, is expected to capture the effect of agglomeration economies. Second, transport connectivity is measured by two indicators: (i) transport cost (US$ per ton) to the domestic market-TCITY-which is defined by the nearest city with more than 100,000 population, and (ii) transport cost (US$ per ton) to the international market-TPORT-which is technically assumed to be the port of Mombasa.
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Access to electricity is measured by the share of households using electricity for lighting (POWR), based on the 2005 Demographic and Health Survey (DHS) for Rwanda. By definition, this variable may not directly represent firms' accessibility to power. They normally have better access to electricity than residential customers. In addition, firms can choose to install their own generation capacity. Still, the residential electrification rate is a good proxy of local electricity availability (and reliability) for small and medium-sized enterprises. And it is unlikely that firms can expect the reliable grid power provision where residential access is limited: Among others, the supply capacity is a likely constraint on such areas.
The market demand is usually important for businesses (e.g., Procher, 2011; Brulhart et al. 2012 ). The size of local market is measured by district population (POP): The data come from the 2002 Population Census. The literature also suggests that labor costs are an important determinant of firm location (ditto). The average wage rate (WAGE) is calculated based on a household survey carried out in 2005, i.e., Enquête Intégrale sur les Conditions de Vie des Ménages 2 (EICV2). There is a significant variation across districts: While the average monthly wage was more than RWF50,000 around the nation's capital, many employees earned less than RWF10,000 in rural areas (Figure 14) .
Since agribusiness is among the most important industries, a variable measuring proximity to agricultural production areas is included in the model. The current potential areas are distributed across districts with different intensity (Figures 15 and 16) . Based on the EICV2 data, the total amount of agricultural product sales (in the survey sample) is calculated for each district (AGVL).
Finally, to control for firm heterogeneity, the size of firm is measured by the number of employees (SIZE). In addition, the share of local stakeholders is also included (LOCL). This will allow to examine the potential difference of locational preferences between domestic and foreign investors. Five major sectors are considered: agribusiness, mineral and mining, construction and transport, manufacturing and service. The last is used as a baseline. 
IV. MAIN ESTIMATION RESULTS
The conditional logit results are shown in Table 2 . The results strongly support the fact that agglomeration economies are important to attract new firms. The coefficient of the number of existing firms is always positive and significant. The implied elasticity can be calculated at 0.68, when the coefficient in the last column model is evaluated at sample means. This is broadly consistent with the literature (e.g., Procher 2011; Mare and Graham0 2013) .
Although the elasticity is the same across districts given our specification, the expected agglomeration benefits can vary among locations, depending on the current conditions, and the vast majority of benefits would likely be accrued to Kigali Province (Table 3) .
Better transport connectivity is found to be a crucial determinant of firm location. Both market and port access variables have significantly negative coefficients, meaning that a reduction in transport costs to a large city or port could bring in more investment from firms.
The port connectivity looks to be of particular importance. For instance, if the transport cost from Kigali to the port of Mombasa declines by 10 percent, the probability of a firm being located at Kigali would increase by 6 to 14 percentage points (Table 3) .
The estimation results also show that the firm location decision is crucially dependent on local electricity accessibility. The demand size of the local market is also found to be important, as expected. The positive and significant coefficients of our agriculture variable can be interpreted to mean that firms, presumably, agribusinesses, prefer to be located close to agricultural production areas. This is consistent with the fact that agribusiness accounts for a considerable share of total firms in Rwanda, and it is indeed less concentrated on Kigali
Province (see Figure 13 ).
One unexpected result may be that the district attractiveness could increase, not decrease, with local labor costs according to the first two models, or the labor cost does not seem to affect the firm location choice in the last column model. A plausible reason is that higher labor costs may be associated with the higher quality of labor supply. To see this impact, the wage variable is replaced with the share of adults who completed at least secondary education. Again, there is certain heterogeneity in education outcome across districts ( Figure   17 ). As expected, the coefficient of secondary education is found positive and highly significant (Table 4) . Therefore, education is important to provide high quality labor and attract new firms.
Regarding firm-specific characteristics, there are few significant results on the effects of firm size and ownership (see Annex Tables). There is no systematic difference in firms' locational preferences between small and large enterprises or between domestic and foreign companies.
One interesting result is that agribusiness is less likely to be based on Kigali Province. 10 This is consistent with the above finding that some firms prefer to take advantage of proximity to agricultural production areas.
Finally, to check robustness of the estimated results, the nested logit model is performed by interacting firm-specific characteristics with location dummy variables. The results are broadly similar to the above (Table 5) : Agglomeration economies matter to the firm location choice. Transport connectivity, especially to large cities, is important to attract more firms.
The statistical significance of the port accessibility somehow disappears. But the importance of the market demand and proximity to agricultural production areas is still maintained.
From the policy point of view, our estimation results recast light on several important issues in Rwanda. First, the importance of agglomeration economies cannot be underestimated. The finding is supportive of the government's efforts to create special economic zones. Second, to promote firm agglomeration, good quality infrastructure is essential. Transport connectivity to the markets and electricity access need to be improved to attract more investment. Finally, it is also important to invest in connecting agribusinesses and their markets. Our estimation results indicate that agribusiness companies tend to be located close to production areas-which are mostly in rural regions. They need to be connected effectively to their final markets-either domestic urban areas or the regional ports for export crops. Thus, not only primary roads but also secondary and tertiary roads are important. 
V. CONCLUSION
Agglomeration economies are one of the important factors to increase firm productivity.
Several empirical studies support this in developed countries. However, there is little evidence for Africa, where industrialization has been stagnant and many countries have been lagging behind in the global manufacturing market in the last four decades. There are many constraints in the region, such as low labor productivity and lack of infrastructure access.
The paper re-examined the relationship between firm location and investment environment, primarily infrastructure endowments. With the detailed establishment census data combined with spatial data representing infrastructure accessibility and other locational attributes, the conditional and nested logit models were applied. It was found that agglomeration economies matter to even small countries, such as Rwanda. Firms prefer to be located close to each other. Both electricity access and transport connectivity to the domestic and international markets (through the regional ports) are also important to foster firm agglomeration. Notably, the electricity supply capacity is still weak in Rwanda, and transport costs to the regional ports are significantly high. More infrastructure investments are called for.
Finally, the analysis also shows the importance of investing in agricultural production areas to stimulate the agribusiness industry. Holding everything else constant, firms are more likely to be based in agricultural production areas. It is important to ensure good connectivity to bring their products to the final destinations in the domestic, regional or global markets. 
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